ABSTRACT
INTRODUCTION
such as urine which is a molecular milieu of small molecules, organic acids and ions as well 139 as proteins, required a slightly different set of conditions. Optimised conditions were 140 established using a pooled QC urine sample (from all 58 patient samples), and as before 141 hydroxylamine-reduced silver colloid was the optimum SERS substrate to use, at pH 7.6, Figure 1 Annotated mean averaged SERS spectra (n = 5) of uric acid. SERS spectra were obtained for 20 s, at 25 µM (dissolved in water) using 200 μL of hydroxylamine reduced silver colloid, potassium phosphate buffer at pH 7.6; measurements were made 3 min after aggregation.
164
A concern for the analysis in human urine was the effect the pH of individual samples would 165 have on the SERS spectrum as well as any potential difference in how the target analyte 166 would interact with the silver surface. After dilution, the pH of the urine samples varied 167 considerably from 4.45 -9.3, meaning uric acid would be in different ionisation states and 168 consequently interact with the surface differently, generating sub-optimal SERS spectra,
169
ultimately not representing the actual concentration in the sample. To overcome this and to 170 ensure the urine sample had an overall pH that coincided with optimal uric acid detection, the 171 sample environment was carefully modified. A potassium phosphate buffer at pH 7.6 was 172 added to the colloid and urine, as well as the uric acid spiked in to the sample for the standard 173 additions measurements. Therefore, after all constituents were added (i.e. urine, buffer, 174 spiked uric acid and colloid), the overall sample pH for all patients varied from pH 7.2 -8.
175
This meant that in all analyses uric acid was predominantly in its negative 1 ionisation state Rather than measure all samples, 21 samples from the 58 human urine samples were 214 randomly selected for comparative SERS and HPLC SAM analysis -we ensured that the 215 samples selected covered the entire uric acid concentration range. The characteristic peak for uric acid used in the analysis was at 1134 cm -1 , corresponding to the C-N vibration. Table 3 ).
245
As an example, sample 20 was subjected to triplicate analysis (see supporting information 246 Figure S6 ). Noticeably, SERS results have slightly higher SD and RSD throughout the samples analysed.
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However, the reduction in acquisition times for SERS analysis largely compensates and analytical approach (see Table 2 ) -for HPLC there are associated SD and RSD of 0.7 and 
